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Abstract

Background: Hyperglycemia and insulin resistance have
been associated with androgen deprivation therapy (ADT)
in Caucasian populations. It is therefore relevant to
determine this also holds true in a native African
population.

Methods and Findings: The design of the study was cross
sectional, 153 prostate cancer patients and 80 controls
were recruited. Prostate specific antigen (PSA), insulin and
glucose were determined using ELISA and colorimetric
methods. Homeostasis assessment model for insulin
resistance (HOMA IR) and HOMA2 IR were calculated. The
prostate cancer patients were sub-grouped into
treatment-naive prostate cancer cases and those on
androgen deprivation therapy. Statistical analysis was
carried out using Analysis of variance and least significant
difference, p<0.05 was considered statistically significant.
There was no significant variation (p>0.05) in the mean
insulin, glucose, HOMA IR and HOMA2 IR among the
treatment-naive prostate cancer patients and prostate
cancer patients on treatment and controls. In addition,
there were no significant variations (p>0.05) in these
parameters among patients treated with different types
and durations of ADT. There was no significant correlation
(p>0.05) between PSA and insulin, glucose, HOMA IR and
groups HOMA2 IR in any of the groups.

Conclusion: Androgen deprivation therapy does not result
in elevated blood glucose, insulin and insulin resistance in
native African men.

Keywords: Prostate cancer; African men; Insulin; Glucose;
Insulin resistance

Introduction
Prostate Cancer (CaP) continues to be the most significant

cancer that has disproportionately overburdened men of
African ancestry [1]. It has been reported that CaP is the most

common cancer in Nigerian men, and accounts for 6.1% to
19.5% of all cancers in the country and its incidence is still on
the increase [2]. The average prevalence in Nigeria has been
reported to be about 11% [3].

For now, Androgen Deprivation Therapy (ADT) is the most
commonly used therapy for prostate cancer and its use has
been associated with increased survival rates in many of the
patients [4]. Due to its association with numerous side effects,
it has been suggested in a recent studies that treatment plans
for patients with prostate cancer being treated with androgen
deprivation therapy should include screening for
cardiovascular risk factors [5,6].

In several studies on predominantly Caucasian populations
and a few on racially mixed populations, androgen deprivation
therapy (ADT) has been shown to increase insulin resistance
[7,8] alter glycemic control causing hyperglycemia [9,10] and
may contribute to development of Type 2 diabetes in the long-
term [10-14].

Despite evidence suggesting unfavorable alteration of
indices of glycaemia in prostate cancer patients undergoing
ADT, there are very limited if any research on this subject in
native African prostate cancer patients and therefore in
Nigerian men; and thus the need for this study. This study
examined the effect of ADT on indices of glycemia and insulin
resistance in Nigerian prostate cancer patients undergoing
ADT.

Materials and Methods

Study design and subject selection
The design of the study was cross sectional consisting of two

hundred and thirty three (233) participants who were
consecutively recruited. They consisted of 153 patients of
Nigerian origin with confirmed prostate cancer attending the
Surgical Out Patient Clinic of the University of Calabar Teaching
Hospital and 80 age-matched apparently healthy male subjects
without prostate cancer or BPH as controls from the Calabar
metropolis. The prostate cancer patients were grouped into
the ADT-treated group and the treatment-naïve group (these
were patients with prostate cancer who had just been
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diagnosed and who had not started ADT or any other
treatment). Surgical castration and Medical castration (GnRH,
biclutamide, and flutamide) were the ADT treatment
modalities employed. The treated group was also sub grouped
according to their duration of treatment into those who had
undergone ADT for up to one year and those who had
undergone ADT for more than one year. Fasting plasma
glucose, serum insulin and PSA were estimated samples
obtained from them. Homeostasis assessment model for
insulin resistance (HOMA1 IR and HOMA2 IR) was calculated.

This study was conducted in accordance with the World
Medical Association’s Declaration of Helsinki [15]. The purpose
and nature of the research was explained each participant and
informed consent obtained from them. A standard
questionnaire was administered to them to obtain information
from the subjects about their age, family history, dietary and
physical lifestyle.

Inclusion criteria
All the subjects were male and aged 45 yrs and above. The

controls did not have prostate cancer or BPH.

Exclusion criteria
Terminally ill prostate cancer patients and participants who

refused to participate were excluded.

Sample size calculation
The number of samples in this research was determined

using the Leslie Kish formulae [16],� = ��2���2
where,

N=desired sample size

Zα=the α level of the coefficient interval at 95% (1.96)

p=proportion of occurrence

q=(1-p) proportion of non-occurrence

d=precision

Substituting the expected occurrence of p= 11% from
Akinremi, et al. [3] i.e., 0.11 we have� = 1.962 × 0.11(1− 0.11)(0.05)2 = 150.4
Sample collection

Blood samples were aseptically collected from each subject
between 8 a.m. and 10 a.m. after an overnight fast and after 3
days abstinence from alcohol and sexual activities. Five
milliliters of blood was aseptically collected; 3 ml of blood was
put in plain bottles, left to clot and the serum extracted and
frozen till used while 2 ml of blood was put in fluoride oxalate

bottles and centrifuged to obtain plasma for glucose
estimation.

Estimation of plasma glucose serum PSA and
insulin

Plasma glucose was estimated by enzymatic method of
Barham and Trinder [17]. Insulin was determined with an ELISA
kit obtained from DRG GmBH, Germany. Prostate specific
antigen ELISA kit was obtained from Syntron Bioresearch, USA.

Calculation of homeostasis assessment model
for insulin resistance (HOMA IR)

HOMA IR was calculated using Homeostasis assessment
model for insulin resistance (HOMA1-IR) was calculated as:
Fasting plasma glucose (mmol/l) × Fasting plasma insulin
(μU/ml)/22.5 [18] and HOMA2 IR was calculated using the
HOMA2 Calculator v2.2.3, a software by the Diabetes Trials
Unit, University of Oxford, UK.

Statistical analysis
Statistical analysis was performed using the PAWstatistic 18,

a statistical package from SPSS Inc, California, USA. The results
were expressed as Mean ± SD. The data was analyzed by
Student’s t-test and analysis of variance (ANOVA). Post-hoc
analysis was done using Least Significant Difference (LSD). The
level of significance was set at 95% confidence interval, where
p-value less than 0.05 (p<0.05) was considered as statistically
significant.

Results
When mean prostate specific antigen, insulin, glucose,

HOMA1-IR, HOMA2 IR were compared in treatment-naive
prostate cancer patients and prostate cancer patients on ADT
and controls, there was only a significant variation in the PSA
levels among the groups. There was no significant variation in
the other parameters. As expected the treatment-naive group
had the highest PSA values (Table 1).

Table 1 Mean prostate specific antigen, insulin, glucose,
HOMA1-IR, HOMA2 IR in treatment-naive prostate cancer
patients and prostate cancer patients on androgen deprivation
therapy and controls.

Parameter ADT
treated
CaP
patients

Treatment-
naive CaP
patients

Controls p-value

n =111 n=42 n=80

PSA (ng/ml) 23.52 ±
30.54#

52.84 ±
31.49*#

1.15 ± 1.01 0.0001

Insulin (µIU/L) 14.87 ±
14.31

11.80 ± 11.62 12.46 ±
12.27

0.303

Glucose
(mmol/L)

4.56 ±
1.51

5.08 ± 2.40 4.60 ± 2.34 0.336
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HOMA1 IR 3.45 ±
4.35

2.84 ± 3.61 2.60 ± 2.79 0.289

HOMA2 IR 1.84 ±
1.78

1.49 ± 1.50 1.51 ± 1.43 0.285

Results expressed as MEAN ± SD; HOMA1 IR: Homeostasis Assessment
Model 1 for Insulin Resistance; HOMA2 IR: Homeostasis Assessment Model
2 for Insulin Resistance; *: Significantly higher than that of ADT treated CaP
patients; #: Significantly higher than that of controls.

Table 2 shows the effect of surgical and medical castration
on prostate specific antigen, glucose, insulin, HOMA1 IR and
HOMA2 IR levels in prostate cancer patients. Except for PSA,
there was no significant variation in the other parameters
among the groups. Both treatment groups had lower PSA
levels compared to the treatment-naive group.

Table 2 Effect of surgical and medical castration on prostate
specific antigen, glucose, insulin, HOMA IR and HOMA2 IR
levels in prostate cancer patients.

Parameter Medical
castration

Surgical
castration

Treatment-
naive CaP
patients

p-
value

n=71 n=40 n=42

PSA (ng/ml) 22.6 ± 31.56 25.2 ± 28.94 52.84 ±
31.49*#

0.0001

Insulin (IU/L) 14.1 ± 13.76 15.1 ±14.76 11.80 ± 11.62 0.455

Glucose
(mmol/L)

4.67 ± 1.70 4.37 ± 1.10 5.08 ± 2.40 0.2

HOMA1 IR 3.65 ± 4.78 3.08 ± 3.67 2.88 ±3.59 0.607

HOMA2 IR 1.88 ± 1.84 1.73 ± 1.70 1.49 ± 1.51 0.508

Results expressed as Mean ± SD; HOMA1 IR: Homeostasis Assessment
Model 1 for Insulin Resistance; HOMA2 IR: Homeostasis Assessment Model
2 for Insulin Resistance; *: Significantly higher than that of Medical castration;
#: Significantly higher than that of Surgical castration.

The effect of duration of treatment on prostate specific
antigen, glucose, insulin, HOMA1 IR and HOMA2 IR in
treatment-naive prostate cancer patients and prostate cancer
patients undergoing ADT for up to a year and more than a year
was also examined. There was only a significant variation in
the PSA levels among the groups. There was no significant
variation in the other parameters. There was no significant
correlation between PSA and the other parameters in any of
the groups.

Discussion
Hyperglycemia and insulin resistance have been associated

with androgen deprivation therapy (ADT) in Caucasian
populations. This results in an increase in new-onset diabetes
mellitus thereby creating a double burden of disease in this
category of patients. A consequence of this may be decreased
survival rate or/and quality of life.

Our study showed no significant variations (p>0.05) in the
plasma levels of fasting insulin, glucose HOMA1 IR, HOMA2 IR
among treatment-naive prostate cancer patients and prostate
cancer patients on ADT and controls. This was different from

reports from other studies done in Caucasians [8,12,19-22]and
racially mixed studies [11] in the USA. They reported that men
who undergo ADT have a greater risk of developing
hyperglycemia and insulin resistance. This may be due to the
differences between populations. It is good to note that our
study was on native African men while these studies were
carried out in mostly Caucasian populations. Though most
studies have shown that African Americans have higher risk of
having type 2 diabetes compared to Caucasians, this may not
be the case for native Africans living more of a traditional
lifestyle (i.e., eating traditional diets and an active lifestyle)
than a westernized one [23]. This is because though genetic
background of Africans makes them more differentially
susceptible to diabetes than Caucasians [24], extraneous
factors such as diet, lifestyle and environment may modify the
expression of this susceptibility. To support this, it has also
been shown that the prevalence of diabetes in native Africans
is much lower than that for men of African ancestry living in
the USA or the UK [25]. However, in a study on native Hispanic
men, no significant difference also was observed in the mean
glucose levels of prostate cancer patients on ADT and prostate
cancer patients not on ADT [26].

It is interesting that both the duration and type of ADT did
not show any effect on the glucose, insulin or any of the
measures of insulin resistance in our study. In contrast, in a
prospective study on non-diabetic men with prostate cancer
on ADT, it was observed that after 3 months of ADT, fasting
plasma insulin levels increased by 25.9% and mean insulin
sensitivity decreased by 12.8% from baseline [12,19] reported
that short-term ADT (within 3 to 6 months) causes the
development of hyperinsulinemia while long-term (≤ 12
months) ADT results in higher prevalence of diabetes when
compared with controls. We did not observe this in our study.

A limitation of this study is the number of participants
involved. A larger cohort which is prospective in nature
involving both native born and immigrant Africans and taking
into account lifestyle factors, diet, and physical activity may be
able to explain the disparities observed.

Conclusion
Androgen deprivation therapy does not result in elevated

blood glucose, insulin and insulin resistance in native African
men.
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